Mutants of the genes nysl and nys3 differ from sensitive strains (nys+) 
The implication of sterols in the mode of action of polyene antibiotics was first suggested by the observation that exogenous sterols protected fungi against their fungicidal effects (5). Subsequently it was shown that both ergosterol and cholesterol complex with polyenes in solution and alleviate the inhibition of growth and metabolic activity caused by the antibiotics (10) . Experiments with fractionated yeast and labeled nystatin have shown that sterols in the cell membrane are primarily responsible for binding this polyene. In particular, ergosterol, the major membrane sterol in yeast, has been identified as the binding site for nystatin (9) . These observations led Lampen (8) to propose a general scheme for polyene action in which the binding of antibiotic to sterol leads to irreversible changes in membrane permeability. Such a scheme is in accord with the data obtained from work with artificial membrane systems and polyenes (7) .
A genetic analysis of nystatin-resistant mutants of yeast in this laboratory led to the identification of three genes for nystatin resistance, nysi, nys2, and nys3 (2) , and it was suggested that resistance might result from changes in the composition of the cell membrane. Two 
MATERIALS AND METHODS
Yeat strains. The sensitive strain nys+ and mutants of nysi and nys3 were derived from stocks described previously (2, 14) . None of the strains used carried any of the known modifiers of nystatin resistance (2, 14) . Petite derivatives of these strains were induced by treatment with acriflavine (4 The dry weight yields of cultures were determined by filtering 5-ml samples through tared membrane filters (Millipore type HAWPO45). The filters were washed twice with 10 ml of distilled water and reweighed after 48 hr at 85 C.
Materials. Ergosterol and squalene were purchased from the Sigma Chemical Co., U.K. Stock solutions in absolute ethanol were stored in light-proof containers at 4 C. Spectroscopic grade n-heptane (Fluka A. G.) was purchased from E. R. Emmanuel & Co. Ltd., London. Nystatin was purchased from E. R. Squibb & Sons Ltd., U.K. All other reagents were Analar grade; the absolute ethanol was benzene-free.
RESULTS
The absorption spectra of the sterols extracted from nys+ show that this strain contains both ergosterol and 24(28)-dehydroergosterol (see Fig. 1 ). Both of these sterols have peaks at 293, 281, and 271 nm, typical of a A5,7-diene system; in addition, 24(28)-dehydroergosterol has a flat peak between 230 and 220 nm which is not present in ergosterol. Also shown in Fig. I are the spectra of ergosterol and squalene; the latter has a peak at 205 nm which is also found in nys+ and the mutant strains. The spectra of mutants nysia, nysib, nysic, and nys3a, nys3b are shown in Fig. 2 . All of the mutants of nysi have a spectrum similar to that given by the mixture of ergosterol and 24(28)-dehydroergosterol found in nys+; however, the flat peak in the lower end of the spectrum is shifted to Thus, for both nysl and nys3, resistance to nystatin is associated with altered sterols. Surprisingly, the growth yields of the resistant mutants after 48 hr in YCM are very close to that found for nys+ (see Table 1 ). The association between resistance and altered sterols has been confirmed by sterol analyses on cultures obtained from tetrads segregating sensitivity versus resistance for all mutant alleles.
The petite condition in yeast is associated with the loss of a range of mitochondrial functions (4). When nys+ strains are converted to petite, they no longer accumulate 24(28)-dehydroergosterol (L. Miller, personal communication). The mutants of nysl and nys3, together with nys+, were converted to petite with acriflavine and tested for nystatin resistance and sterol content. The mutants were still resistant after conversion, and nys+ remained sensitive. The results of the sterol analyses are shown in Fig. 3 and Table 1 . The extract of nys+ petite shows only the absorption spectrum of ergosterol whereas, in nys3 petite, the shoulders at 228 and 220 nm are no longer visible. In contrast, the spectrum of nysi petite is little changed apart from a significant reduction in the 235/281 nm absorbance ratio.
Since the petite state is associated with loss of the ability to grow on nonfermentable carbon sources (4), it was of interest to test the nonpetite (grande) nystatin-sensitive and -resistant strains for sterol content and resistance when grown on ethanol. The mutants retained resistance and nys+ remained sensitive. The sterol spectra obtained were essentially the same as when the strains were grown on 4% glucose: nys+ contained both ergosterol and 24(28)-dehydroergosterol, nysi contained the new sterol, and the spectra of nys3 showed the shoulders at 228 and 220 nm. The growth yields and sterol data for nys+, nyslc, and nys3a are listed in Table 1. DISCUSSION These experiments have shown that nystatin resistance in yeast is associated with changes in cell sterols. In mutants of nysl, the ultraviolet absorption spectra suggest the presence of a sterol which retains the A5,7-diene system associated with the three peaks at 293, 281 At present we have no knowledge of the biochemical lesions in nysi and nys3. Ergosterol is probably the "end product" of sterol biosynthesis in yeast and so it is possible that nysi and nys3 represent blocks in this pathway. Attempts to isolate ergosterol-deficient mutants of yeast have been based on the assumption that such mutants would require ergosterol for growth on a defined medium (1, 12) . A mutant of this kind, responding to ergosterol or oleic acid, has been isolated and analyzed genetically by Resnick and Mortimer (12) , but its sterol composition was not determined. Neither nysi nor nys3 mutants require ergosterol for growth in a defined medium, though little or no ergosterol is-present in nys3. This suggests that ergosterol deficiency may not necessarily result in ergosterol requirement.
